INTRODUCTION {#ss7}
============

COPD is the sixth leading cause of death worldwide,[^1^](#b1){ref-type="ref"} and the estimated population prevalence of COPD (Global Initiative for Chronic Obstructive Lung Disease Stage II and higher) is 10%.[^2^](#b2){ref-type="ref"} The course of COPD is punctuated by episodes of acute deterioration in respiratory health, termed 'exacerbations', which account for much of the morbidity, mortality, hospital admissions and health‐care costs associated with this condition.[^3^](#b3){ref-type="ref"}, [^4^](#b4){ref-type="ref"}, [^5^](#b5){ref-type="ref"} It has been believed that the majority of exacerbations are associated with bacterial infection; however, as many episodes occur without any increase in the volume or purulence of sputum, it is also postulated that bacteria may be secondary invaders following a primary viral infection.[^6^](#b6){ref-type="ref"} Recent studies demonstrating the presence of a virus vary widely in terms of the population studied as well as the technology used to detect the virus. Most studies have been conducted in Europe and the USA, and scant data are available from other parts of the world. Different techniques, such as serology, viral culture, PCR and RT‐PCR have been used to detect viruses. Currently, PCR and RT‐PCR are being widely used due to their better capacity for detection compared with conventional viral culture and serology.[^7^](#b7){ref-type="ref"}

Prevalence and incidence studies are important for both health‐care planning and epidemiological research as they estimate the burden of a condition within a population. The prevalence and geographical distribution of respiratory viruses in acute exacerbations of COPD (AECOPD) has not yet been clearly defined. This knowledge may assist in the management of these patients. The present study calculated the weighted mean prevalence (WMP) of respiratory viruses in AECOPD from prospective studies that utilized the most sensitive techniques (PCR and RT‐PCR) to identify the presence of viruses.

METHODS {#ss8}
=======

Search strategy {#ss9}
---------------

In January 2009, a systematic search was performed using Medline without language restrictions for articles and conference proceedings. The following MeSH terms were used: Chronic Obstructive Pulmonary Disease, Epidemiology and Virology. There were 1988 titles and abstracts screened and a preliminary list of 16 papers that could possibly describe viral prevalence in AECOPD was selected. Reference lists of retrieved articles were checked and provided a further three studies. The search continued until it was clear that no new references were being retrieved. As the study included previously published work, ethical approval was not sought.

### Eligibility criteria {#ss10}

The purpose of this review was to identify methodologically rigorous studies that investigated the prevalence of respiratory viruses in AECOPD. Inclusion criteria are listed in [Box 1](#ss11){ref-type="sec"}.

#### Box 1 {#ss11}

Eligibility criteria for included studies

1Prospective or cross‐sectional study2Based on original research3Viral detection by highly sensitive techniques (PCR and RT‐PCR)4Viral prevalence in AECOPD defined5Full paper available in English literature

### Study selection {#ss12}

Study retrieval was conducted in duplicate by two independent reviewers in two stages. In stage one, titles and abstracts of retrieved records were screened to identify potentially relevant articles. In stage two, the full paper of the records selected in stage one were obtained for detailed evaluation. We determined the degree of inter‐observer agreement for stage two and reported κ values based on 'eligible yes/no'. After making independent assessments, we resolved disagreements by consensus.

### Assessment of methodological quality {#ss13}

There are several validated tools for assessing quality in clinical trials but much less attention has been given to developing similar tools for observational epidemiological studies. Hence, we developed our own check‐list for methodological quality assessment. The check‐list has been developed keeping the STROBE statement in mind and also the needs of our study.[^8^](#b8){ref-type="ref"} Two reviewers, working independently, assessed the quality of included studies. We dichotomized answers as 'yes' and 'no/unclear' for κ calculations ([Table 1](#t1){ref-type="table"}). We calculated κ values based on the total number of criteria met and subsequently resolved all disagreements by consensus.

###### 

Quality assessment criteria

  Criteria                                                                                    Yes   No/unclear
  ------------------------------------------------------------------------------------------- ----- ------------
   1. Are the samples representative of diseases being studied?                                     
   2. Is AECOPD defined well?                                                                       
   3. Are selection criteria clearly described?                                                     
   4. Is the study setting described?                                                               
   5. Are the clinical and demographic characteristics of the studied population described?         
   6. Is the severity of AECOPD in the studied population described?                                
   7. Is the prior vaccination coverage in the studied population described?                        
   8. Is the seasonal variation in prevalence mentioned?                                            
   9. Is the sample collection and processing defined clearly?                                      
   10. Is the technique used for viral detection defined clearly?                                   
   11. Is the prevalence of individual viruses specified?                                           

AECOPD, acute exacerbation of COPD.

### Data extraction and analysis {#ss14}

All data on the methodology and results from each study included were extracted by two independent reviewers using pre‐defined data extraction criteria. Information was recorded on the study\'s location, year of publication, number of subjects studied, technique used to identify viral infections, and the number of subjects found positive for seven common respiratory viruses: (influenza, parainfluenza (PIV), picornaviruses (includes rhino and entero virus), respiratory syncytial virus (RSV), coronaviruses, adenovirus and human metapneumovirus (hMPV)). The number of patients with multiple infections was also recorded. We calculated a WMP for the total respiratory viral prevalence in AECOPD and for individual virus separately. The weighted mean was calculated by dividing the sum of the product of prevalence (as percentage) and number of patients by the sum of the number of patients. Summary statistics were used to calculate 95% CIs for the prevalence and Forest plots were constructed to show the dispersion. For statistical analysis, SPSS for Windows 11.5 (SPSS Inc., Chicago, IL, USA) was used.

RESULTS {#ss15}
=======

Study selection {#ss16}
---------------

Nineteen hundred and ninety‐one articles (1988 identified from electronic searches, three additional articles from reviewing reference lists) were examined. Of these, 1983 were excluded either because they were not original descriptions of prevalence and incidence studies or did not investigate viral prevalence in AECOPD. Eighteen potentially eligible records were identified for further review based on a review of the title and abstracts (κ = 0.95). Eight records qualified for inclusion in this study and these underwent qualitative and quantitative assessment. The selection process for this review is summarized in [Figure 1](#f1){ref-type="fig"}.

![The selection process for the systematic review.](RESP-15-536-g001){#f1}

Characteristics of included studies {#ss17}
-----------------------------------

Brief characteristics of all the studies included for data synthesis are shown in [Table 2](#t2){ref-type="table"}. A total of 1134 patients studied between 2001 and 2008 were included. Four studies were published from Europe, two from the USA, one from Hong Kong and one from Australia.

###### 

Brief characteristics of all the included studies

  Author, country (publication year)^ref^                                                    No. in cohort (%men)   Mean age, years (SD/range)   Current, ex‐smoker (%), mean pack‐years (SD/range)   FEV~1~ (L); mean (SD)            Quality assessment score   Detection technique   Influenza vaccine coverage (%)   Most common virus   Remarks
  ------------------------------------------------------------------------------------------ ---------------------- ---------------------------- ---------------------------------------------------- -------------------------------- -------------------------- --------------------- -------------------------------- ------------------- -------------------------------------------------------------------------------------------------------------------
  Ko *et al.*, Hong Kong (2007)[^8^](#b8){ref-type="ref"}                                    262 (81.6)             75.7 (7.5)                   16.8, 82.1, ---                                      0.8(0.4)                         10                         PCR                   40.3                             Influenza           Viral infection related to severe airway obstruction
  No reduction in influenza‐A in vaccinated patients                                                                                                                                                                                                                                                                                         
  Beckham *et al.*, USA (2004)[^9^](#b9){ref-type="ref"}                                     96 (49.0)              63.1 (9.2)                   35.0, 49.0, ---                                      ---                              9                          RT‐PCR                73                               Picorna             RT‐PCR has higher sensitivity than viral culture and serology.
  Hutchinson *et al.*, Australia (2007)[^10^](#b10){ref-type="ref"}                          92 (63.0)              72.0 (49--85)                22.0, 87.0, 53.0 (10--160)                           0.9 (0.4--1.9)                   10                         RT‐PCR                87                               Picorna             Running nose and sore throat were associated with viral positive AECOPD
  Severity was more with non‐picorna associations                                                                                                                                                                                                                                                                                            
  McManus *et al.*, Ireland, UK (2008)[^11^](#b11){ref-type="ref"}                           136 (47.1)             70.2 (9.4)                   ---, ---, 48.0 (39.2)                                0.8 (0.5)                        10                         PCR                   ---                              Picorna             Viral positivity associated with severe disease and fever
  12% of stable COPD patients were virus positive                                                                                                                                                                                                                                                                                            
  Viral positive AECOPD had earlier hospitalization and higher prevalence of fever                                                                                                                                                                                                                                                           
  Rohde *et al.*, Germany (2003)[^12^](#b12){ref-type="ref"}                                 85 (80.0)              70.0 (43--83)                37.7, 49.4, median; 35 (1--100)                      Median (range); 1.0 (0.4--2.5)   9                          RT‐PCR                ---                              Picorna             No relation with increased episodes of AECOPD
  Sample from lower respiratory tract had higher virus yield than upper respiratory airway                                                                                                                                                                                                                                                   
  Camargo *et al.*, USA (2008)[^15^](#b15){ref-type="ref"}                                   76 (68.0)              72.0 (9.0)                   29.0, 71.0, 64.0(32.0)                               ---                              10                         PCR                   87                               RSV                 Viral aetiology identified in 25% of AECOPD presenting in the Emergency Department, of which 1/3 were RSV‐related

AECOPD, acute exacerbation of COPD; RSV, respiratory syncytial virus.

Quality assessment of included studies {#ss18}
--------------------------------------

The assessment of quality based on the criteria listed in [Table 1](#t1){ref-type="table"} gave an inter‐observer agreement of 98.9% (κ = 0.95). Four of the eight studies did not describe the severity of AECOPD and viral aetiology.[^9^](#b9){ref-type="ref"}, [^12^](#b12){ref-type="ref"} Four studies failed to report or account for seasonal bias.[^9^](#b9){ref-type="ref"}, [^10^](#b10){ref-type="ref"}, [^13^](#b13){ref-type="ref"}, [^14^](#b14){ref-type="ref"} Three studies did not consider prior vaccination coverage for influenza, which is a potential confounder.[^12^](#b12){ref-type="ref"}, [^14^](#b14){ref-type="ref"}, [^15^](#b15){ref-type="ref"} Although the severity of AECOPD has been shown to be associated with viral aetiology, three studies did not stratify viral prevalence according to severity.[^11^](#b11){ref-type="ref"}, [^12^](#b12){ref-type="ref"}, [^14^](#b14){ref-type="ref"} The mean of number of quality assessment criteria met by individual studies was 9.4.

Heterogeneity {#ss19}
-------------

There was substantial heterogeneity between studies with regard to the viral detection technique used, sample collection and the characteristics of the subjects studied. Four studies had used RT‐PCR as the viral detection tool,[^11^](#b11){ref-type="ref"}, [^12^](#b12){ref-type="ref"}, [^14^](#b14){ref-type="ref"}, [^15^](#b15){ref-type="ref"} while the remaining four had used PCR.[^9^](#b9){ref-type="ref"}, [^10^](#b10){ref-type="ref"}, [^13^](#b13){ref-type="ref"}, [^16^](#b16){ref-type="ref"} Studied subjects had variable vaccination coverage for influenza ranging from 40.3%[^11^](#b11){ref-type="ref"} to 87%.[^13^](#b13){ref-type="ref"} Most studies had recruited hospitalized patients.[^9^](#b9){ref-type="ref"}, [^11^](#b11){ref-type="ref"}, [^12^](#b12){ref-type="ref"}, [^13^](#b13){ref-type="ref"}, [^15^](#b15){ref-type="ref"}, [^16^](#b16){ref-type="ref"} Papi *et al.* [^14^](#b14){ref-type="ref"} recruited all subjects from an outpatient clinic, whereas 55% patients were hospitalized patients in the study by Beckham *et al.* [^9^](#b9){ref-type="ref"} and 80% in the study by Camargo *et al.* [^10^](#b10){ref-type="ref"} Most studies used nasal swabs and/or throat swabs for sample collection and subsequent viral isolation.[^10^](#b10){ref-type="ref"}, [^11^](#b11){ref-type="ref"}, [^13^](#b13){ref-type="ref"}, [^15^](#b15){ref-type="ref"}, [^16^](#b16){ref-type="ref"} Two studies[^10^](#b10){ref-type="ref"}, [^15^](#b15){ref-type="ref"} used sputum along with nasal swabs and/or throat swabs, whereas Papi *et al.* [^14^](#b14){ref-type="ref"} used only induced sputum for sample collection and viral detection. Five studies[^9^](#b9){ref-type="ref"}, [^10^](#b10){ref-type="ref"}, [^11^](#b11){ref-type="ref"}, [^13^](#b13){ref-type="ref"} defined AECOPD as per the criteria set by Anthonisen *et al.*,[^17^](#b17){ref-type="ref"} two studies[^11^](#b11){ref-type="ref"}, [^14^](#b14){ref-type="ref"} used GOLD definitions,[^18^](#b18){ref-type="ref"} while Seemungal *et al.* [^16^](#b16){ref-type="ref"} used American Thoracic Society criteria.[^19^](#b19){ref-type="ref"}

Respiratory viral prevalence and bacterial co‐infection {#ss20}
-------------------------------------------------------

The WMP of respiratory viral infections in AECOPD was 34.1% (95% CI: 23.9--44.4). [Table 3](#t3){ref-type="table"} shows WMP of individual respiratory viral infections in AECOPD. The absolute viral detection in each study is depicted in [Figure 2](#f2){ref-type="fig"}. The highest viral positivity rate was found in a German study (56%).[^12^](#b12){ref-type="ref"} Only one study reported the details regarding bacterial positivity, including atypical bacteria.[^13^](#b13){ref-type="ref"} and found evidence of viral and bacterial co‐infection in 9% of patients with AECOPD at admission, rising to 13.6% by day five. In addition, 71% of patients who had bacterial infection at onset also reported some viral symptoms at the onset of the current episode, underlining the high incidence of bacterial superinfection following viral infection.

###### 

Weighted mean prevalence (WMP) of individual viruses associated with an acute exacerbation of COPD

                              WMP    95% CI upper bound   95% CI lower bound
  --------------------------- ------ -------------------- --------------------
  Picorna                     17.3   7.2                  27.3
  Influenza                   7.1    2.5                  11.6
  Parainfluenza               2.6    0.4                  4.8
  RSV                         5.3    1.6                  9.0
  Adeno                       1.1    −1.1                 3.3
  Corona                      3.1    0.4                  5.8
  Human Metapneumonia virus   0.7    −0.3                 1.7

![Bar chart showing the number of patients reported to have (![](RESP-15-536-g003.jpg "inline image")) viral positivity, (![](RESP-15-536-g004.jpg "inline image")) viral negativity and (![](RESP-15-536-g005.jpg "inline image")) infection with more than one virus by various authors.](RESP-15-536-g002){#f2}

Geographical variations in viral prevalence {#ss21}
-------------------------------------------

There was significant geographical variation in viral prevalence. As shown in [Table 4](#t4){ref-type="table"}, maximum WMP was observed in studies from Europe followed by the USA, Australia and Asia. Picornavirus was the most common virus detected in Australia, followed by Europe and the USA, whereas influenza was the most commonly detected virus in Asian studies. Corona virus had the maximum prevalence in a study from USA.[^9^](#b9){ref-type="ref"}

###### 

Geographical variation in overall viral prevalence

  Group                                  WMP[^†^](#t4n1){ref-type="fn"} (overall)   95% CI for WMP   WMP (Picorna)   95% CI for WMP   WMP (influenza)   95% CI for WMP   WMP (RSV)   95% CI for WMP                            
  -------------------------------------- ------------------------------------------ ---------------- --------------- ---------------- ----------------- ---------------- ----------- ---------------- ------- ------- -------- -------
  USA                                    0.370                                      −0.491           1.231           0.159            −0.603            0.922            0.070       −0.151           0.291   0.048   −0.172   0.268
  Europe                                 0.432                                      0.304            0.560           0.240            0.220             0.260            0.070       −0.069           0.210   0.081   −0.005   0.168
  Asia[^‡^](#t4n2){ref-type="fn"}        0.221                                                                       0.031                                               0.099                                0.023            
  Australia[^‡^](#t4n2){ref-type="fn"}   0.359                                                                       0.283                                               0.033                                0.011            
  Overall                                0.359                                      0.257            0.461           0.173            0.072             0.273            0.074       0.029            0.120   0.053   0.016    0.090

The confidence intervals are constructed by assuming a Normal distribution for the ratios.

The confidence interval was not calculated for Asia and Australia as there was only one study for each of these two continents.

WMP, weighted mean prevalence.

Strain variation {#ss22}
----------------

Influenza A contributed more than 80% of the total influenza burden. All the influenza A viruses detected by Ko and colleagues[^15^](#b15){ref-type="ref"} and McManus\'s team were of H3 subtype.[^11^](#b11){ref-type="ref"} The most commonly detected strain of corona virus was OC43 and PIV 3 in PIV.[^9^](#b9){ref-type="ref"}

The presence of viruses in AECOPD has been found to be associated with earlier hospitalization, prolonged hospitalization, high prevalence of fever, upper respiratory tract infection features, severe exacerbation, greater reduction in FEV~1~ and sputum eosinophilia compared with episodes of non‐viral aetiology.[^11^](#b11){ref-type="ref"}, [^12^](#b12){ref-type="ref"}, [^14^](#b14){ref-type="ref"}, [^15^](#b15){ref-type="ref"}, [^16^](#b16){ref-type="ref"} ([Box 2](#ss23){ref-type="sec"}) Non‐picornavirus‐associated episodes of AECOPD were more severe than episodes associated with picornavirus.[^13^](#b13){ref-type="ref"}

### Box 2 {#ss23}

Clinical features suggesting viral positivity in AECOPD

• Severe episode of AECOPD• Greater reduction in FEV~1~, FEV~1~%, FEV~1~/FVC• Presence of fever• Clinical features of upper respiratory tract infection• Sputum eosinophilia• Exposure to young children

DISCUSSION {#ss24}
==========

Infections are associated with a significant proportion of acute exacerbations of COPD. The role of viruses in the aetiology of AECOPD was underestimated until recently. Recent studies have detected viruses in up to 56% of all exacerbations.[^12^](#b12){ref-type="ref"} The use of RT‐PCR techniques has increased the detection of respiratory viruses by 2--3 times that of the conventional/rapid viral culture methods.[^10^](#b10){ref-type="ref"}, [^11^](#b11){ref-type="ref"}, [^16^](#b16){ref-type="ref"} However, the geographical distribution and clinical significance of these viral infections has not been systematically reviewed. We found that the WMP of respiratory viruses in AECOPD was 34.1% (95% CI: 23.9--44.4). There was wide geographical variation in the total viral prevalence as well as the type of viruses. Overall, picornavirus was the most commonly detected virus followed by influenza and RSV.

Studies from Western countries have shown picornavirus to be the most common virus associated with AECOPD, whereas the single Asian study detected influenza most frequently. This disparity in prevalence of influenza in acute exacerbation could be related simply to the strain circulating at that particular year and time, or could reflect the wider coverage of influenza vaccination in Western countries compared with Asian. In an older cohort of patients with chronic lung disease in the USA, studied by Nichol *et al.*,[^18^](#b18){ref-type="ref"} patients who were not vaccinated for influenza had twice the hospitalization rate in the influenza season than in the non‐influenza season.[^20^](#b20){ref-type="ref"} In addition, influenza vaccination was associated with a lower risk of death. It was further observed in a systematic review by Poole and colleagues that vaccination of COPD patients resulted in a significant reduction in the total number of exacerbations per vaccinated subject compared with those who received placebo (Weighted Mean Difference (WMD) 0.37).[^21^](#b21){ref-type="ref"}

Human metapneumovirus was discovered in 2001 and initially detected in young children with respiratory illness.[^12^](#b12){ref-type="ref"} However, in two subsequent studies, hMPV was detected in 2.3% and 4.69% of patients with AECOPD, respectively, thereby confirming the presence of hMPV in adults.[^14^](#b14){ref-type="ref"}, [^22^](#b22){ref-type="ref"} Rohde and colleagues detected a high hMPV load in their patients, more so in nasal washings than in induced sputum, and postulated that hMPV may be a trigger for exacerbation in COPD.[^22^](#b22){ref-type="ref"}

Viral infection and morbidity and mortality {#ss25}
-------------------------------------------

Exacerbations associated with viral infection appeared to be more severe, as reflected by length of hospitalization, decrease in FEV~1~, FEV~1~%, FEV~1~/FVC% and diffusion capacity, and with a trend towards greater hypoxaemia. In a study by Seemungal and colleagues, exacerbations associated with respiratory viruses had a longer median symptom recovery time than did non‐viral exacerbations (13 and 6 days, respectively).[^16^](#b16){ref-type="ref"} Viral positivity is also associated with a greater degree of systemic inflammation and higher serum fibrinogen levels, which are independent risk factors for cardiovascular related mortality.[^16^](#b16){ref-type="ref"}, [^23^](#b23){ref-type="ref"} A recent study of influenza immunization in older patients has shown that immunization is associated with a reduction in the risk of hospitalization for heart disease and stroke, thus providing more evidence for the link between respiratory viral infection and vascular disease.[^24^](#b24){ref-type="ref"}

Symptoms and viral prevalence {#ss26}
-----------------------------

Viral presence in AECOPD is associated with a higher number of patients with symptoms of upper respiratory tract infection and fever as well as earlier hospitalization.[^12^](#b12){ref-type="ref"}, [^13^](#b13){ref-type="ref"} The likelihood of viral infection can also be predicted from the sputum cell count. The presence of neutrophils predicts infection, bacterial or viral, whereas eosinophils favour a probable viral aetiology.[^14^](#b14){ref-type="ref"} It has been noted that patients with repeated viral infections tended to have had exposure to infants or young children, indicating that children might be a source of repeated exposure to circulating respiratory viruses.[^13^](#b13){ref-type="ref"} Viral isolation was highest in samples taken within 2 days of the onset of symptoms and was greater in sputum than in the upper airways,[^12^](#b12){ref-type="ref"}, [^13^](#b13){ref-type="ref"} except in one study where the viral load of hMPV in nasal lavage was three and one half times higher than from induced sputum.[^25^](#b25){ref-type="ref"}

Vaccination and viral positivity {#ss27}
--------------------------------

Cohorts with higher vaccine coverage for influenza have been found to have a lower prevalence of influenza.[^10^](#b10){ref-type="ref"}, [^13^](#b13){ref-type="ref"} Beckham *et al.* [^9^](#b9){ref-type="ref"} found that the subgroup of their studied population with low influenza vaccine coverage in the previous year had higher influenza infections and detection. Moreover, none of the influenza‐positive patients in their group received vaccination in the previous year. On the other hand, Ko *et al.* [^11^](#b11){ref-type="ref"} did not observe any beneficial effect of influenza vaccination on the prevalence of virus infections. Nevertheless, inadequate use of influenza vaccine remains an important modifiable risk factor in patients hospitalized with COPD.[^20^](#b20){ref-type="ref"}

In summary, this study supports the hypothesis that a significant proportion of patients with AECOPD have associated respiratory viral infections. Overall, picornavirus has been the most common viral infection detected, followed by influenza and RSV. There is a significant geographical variation in viral epidemiology, the reasons for which may be multifactorial. The association between viral infections and mortality and morbidity as well as the level of immunization may have important therapeutic implications for the future management of AECOPD.
